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Determinants of polarity in renal epithelial cells
E. Rodriguez-Boulan
Cornell University Medial Collage, New Yor/ç New York, USA
Epithelial cells carry out vectorial functions for which they
require a highly polarized structure. Our laboratory is interested
in uncovering the molecular mechanisms responsible for this
polarity. Four mechanisms have been described: intracellular
sorting by the Trans-Golgi Network (TGN), intracellular sorting
by specialized sorting endosomes, domain-selective stabilization
of surface molecules by the submembrane cytoskeleton and
passive segregation by the tight junctional fence. Experiments
with the renal kidney cell line MDCK have shown that Na/K-
ATPase is not sorted preferentially to one surface domain; its
surface distribution is, instead, stabilized by interaction with the
ankyrin-fodrin submembrane cytoskeleton, which is induced to
assemble by E-cadherin mediated cell-cell contact. However, in a
different MDCK cell line, and in the FRT cell line derived from
rat thyroid, Na!K-ATPase is targeted preferentially to the baso-
lateral membrane, indicating that certain cells have the ability to
segregate this enzyme intracellularly. Our laboratory has been
studying the retinal pigment epithelium(RPE), which localizes in
situ Na/K-ATPase to the apical surface, the site of contact with the
neural retina. Na!K-ATPase becomes depolarized upon primary
RPE growth in vitro, suggesting that apical localization depends
on its interaction with the neural retina. We have generated a cell
line derived from rat RPE that preserves polarity and the tight
junction fence. This cell line, RPE-J, expresses Na/K-ATPase in a
nonpolar fashion. A striking redistribution to the lateral mem-
brane is observed upon transfection of E-cadherin. The colocal-
ization of E-cadherin and Na!K-ATPase confirms a previous
report by McNeil et al and supports the model of E-cadherin
induced polarity of the Na pump.
Experimental models developed by our laboratory have allowed
us to follow the intracellular post-synthetic route of apical and
basolateral proteins, such as Na/K-ATPase, dipeptidyl-peptidase
IV, viral membrane proteins and histocompatibility antigens.
Apical and basolateral proteins are sorted in a distal Golgi
subcompartment (TGN) into specific transport vesicles. These
vesicles use specialized docking systems to fuse with apical and
basolateral domains to deliver their cargo. Transfection of genes,
which encode normal or mutant apical or basolateral proteins,
have led to the identification of molecular sorting signals that
direct delivery to either surface. We have identified a glycolipid,
glycosylphosphatidylinositol (GPI), as an apical targeting signal
in several epithelial cell lines, including MDCK, LLC-PK and
Caco-2. Proteins attached to the membrane by the GPI, which is
transfered to the protein in the ER, are incorporated in the TGN
into detergent insoluble complexes with glycosphingolipids, syn-
thesized in the Golgi apparatus, and cholesterol. A phosphosy-
lated protein, VIP21/caveolin, was recently shown to form part of
these complexes. FRT cells, which do not express caveolin, fail to
target GPI-proteins to the apical surface and to incorporate them
into detergent-insoluble aggregates.
Basolateral sorting signals have been discovered in the cyto-
plasmic domain of basolateral proteins. These signals resemble in
sequence the endocytic determinants previously found to direct
receptor endocytosis into coated pits. Thus, it may be presumed
that the molecules that interact with these basolateral sorting
signals are related to endocytic determinants and interact with
similar molecules yet to be identified, to the two adaptor protein!
coat complexes described to date, clathrin/adaptins and coatomers.
Cross linking experiments with bi-functional reagents detect pu-
tative receptors for basolateral signals in the TGN. Recently, we
have introduced a perforated cell model to reconstruct in vitro the
process of sorting of apical and basolateral proteins and the
assembly of transport vesicles in the TGN. Our objective is,
ultimately, to identify the cytosolic and membrane factors that
regulate the production, directionality, and selective fusion of
these vesicles with polarized surface domains.
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Abnormalities in polarized molecular transport in PKD cyst
epithelia
P.D. Wilson, D. Falkenstein, L. Gatti, E. Eng, and C.R. Burrow
John Hopkins University School of Medicine, Baltimore, Maiyland, USA
Cyst formation in autosomal dominant polycystic kidney dis-
ease (ADPKD) results from the expansion of every segment of the
nephron and the early separation of the cysts from the nephron of
origin. Cysts are fluid filled sacs lined by a layer of epithelial cells
typically as a single layer, although occasional hyperplastic regions
are seen. Early in the disease process, microcysts can be seen in
which the epithelia resemble proximal or distal tubules, but later
their distinguishing morphological properties are modified result-
ing in a variety of structural characteristics of cyst lining epithelia,
ranging from columnar, through cuboidal to flattened. Transmis-
sion electron microscopy shows that despite these alterations in
their differentiated characteristics all cyst epithelial cells are
polarized with different degrees of an apical brush border mem-
brane distinct from basolateral membranes and distinct intercel-
lular occluding tight junctions. These properties are also main-
tained in vitro in cultures of microdissected ADPKD and recessive
(ARPKD) cyst epithelia which exhibit polarized morphology,
membrane protein segregation and vectorial transport.
Alterations in the polarized distribution of specific membrane
proteins is widespread in PKD cyst epithelia, and was first
described for Na/K-ATPase in human ADPKD epithelia which is
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mislocated to the apical cell membranes. Subsequently, this has
also been found in several mouse models of recessive PKD and in
human ARPKD epithelia. Subsequent studies have shown that
several proteins are mislocalized to the apical membranes of
human ADPKD epithelia including fodrin, ankyrin, E-cadherin,
EGF receptor, calpactins I and II, cathepsins B and H, TIMP and
gelatinase A. Some proteins are misdirected in a basal location,
such as NaIK/2C1 symporter and secreted cathepsin B. Many other
proteins, however, retain their normal apical or basal polarized
distributions in ADPKD cyst epithelia, including glycosyl phos-
photidyl inositol (GPI)-anchored membrane proteins, alkaline
phosphatase, leucine aminopeptidase, trehalase, GP330 (Hey-
mann nephritis antigen), alpha 95 kD (brush border) membrane
protein, and the multidrug resistance (MDR) P-glycoprotein.
Similarly, several basally located proteins retain their normal
polarity in ADPKD cysts including, collagen type IV, laminin,
heparan sulfate proteoglycan and alpha 6 integrin. This suggests
that a specific abnormality in the sorting of certain subsets of
secreted and membrane proteins underlies the establishment of
cysts in ADPKD.
Analysis of the cell biology of human ADPKD using primary
cultures of microdissected normal human proximal and distal
nephron segments and ADPKD cyst epithelia have determined
that important features underlying cyst formation include extra-
cellular matrix abnormalities, aberrant epithelial cell and fibro-
blast proliferation, and fluid secretion associated with alterations
in vectorial ion transport. 22NaC1 transepithelial transport was
apically misdirected in ADPKD epithelia and inhibited by
ouabain. EGF was synthesized and secreted apically into cyst fluid
and culture media in mitogenic concentration, demonstrating
an autocrine mechanism of aberrant proliferation in human
ADPKD. Matrix abnormalities include irregularities and lack of
homogeneity in the basement membrane surrounding ADPKD
cysts. Recent studies have determined that the lysosomal cysteine
proteinase, which is also secreted apically by normal renal epithe-
ha, is secreted predominantly in a basal direction in ADPKD
epithelia. Together with studies suggesting alterations in metallo-
proteinase activities, a role for extracellular proteolytic degrada-
tion may be implied.
In addition to alterations in polarized membrane proteins in
ADPKD, immunolocalization analysis also showed aberrant pro-
tein expression indicative of an abnormal transcriptional program
in ADPKD epithelia, including persistent expression of DNA
polymerase , PCNA, PAX-2 and WT-i. To further examine
transcriptional events in ADPKD, NaIK-ATPase alpha and beta
isoform expression was studied. Using specific primer pairs de-
signed in regions of maximal (N-terminal) sequence divergence,
RT-PCR followed by cloning and sequencing of expressed frag-
ments demonstrated constitutive expression of alpha-i and beta-i
subunits in human fetal, normal adult, early and end-stage
ADPKD kidneys, while significant beta-2 subunit expression was
confined to fetal and ADPKD kidneys. mRNA and proteins were
localized in cyst epithehia, and correlation therefore exists be-
tween the apical epithelial expression of Na/K-ATPase alpha
subunit in human fetal and ADPKD kidneys and the expression of
beta-2 subunit. Beta-i subunit, by contrast is constitutively ex-
pressed in fetal, adult and ADPKD kidneys.
Further correlations in the expression of fetal and ADPKD
proteins have been demonstrated in human kidneys, including
apical EGF receptor localization, which shows exclusively baso-
lateral localization in adult kidneys, and expression of the tran-
scription factors PAX-2 and WT-i, which are not expressed in
renal tubule epithelia of normal adult kidneys. The apparent
diversity of abnormalities in ADPKD kidneys which include
defects in sorting of membrane proteins and aberrant expression
of fetal PAX-2, WT-1 and beta-2 Na/K-ATPase suggests a funda-
mental disruption of gene transcription controlling epithelial
differentiation in normal nephrogenesis.
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III. ABNORMALITIES OF EXTRACELLULAR MATRIX
Extracellular matrix and renal development
D.R. Abrahamson
University of Alabama, Birmingham, Alabama, USA
Laminin is present throughout all basement membranes (in-
cluding GBM, mesangial matrices, and TBMs) in the developing
and mature kidneys. Current immunocytochemical labeling evi-
dence with anti-laminin monoclonal antibodies shows, however,
that coincident with the fusion of subendothehial and subepithehial
(podocyte) basement membranes in developing glomeruli, there is
the apparent loss of many laminin epitopes. A similar disappear-
ance of anionic sites also occurs. The reasons for these losses are
not known, but may be related to the secretion of matrix proteases
that are important for basement membrane fusion. Indeed, some
data show that there are more abundant amounts of certain
matrix proteases in immature kidneys. Another explanation for
the loss of laminin epitopes is that new laminin isoforms may be
synthesized and inserted into GBM at different stages of assembly
(and old isoforms removed). Along these lines, Northern blot
analysis shows a much higher synthesis of laminin Bi chain
mRNA in glomeruli than laminin A and B2. Different sized
transcripts encoding laminin A and B2 are also identified. Be-
cause several different laminin isoforms probably exist in the
kidney, additional clarification of this isoform substitution possi-
bility will undoubtedly require a greatly improved understanding
of the complete structure of these molecules. Although the
distributions of certain laminin epitopes as well as anionic sites
change, preliminary results show that this redistribution does not
occur for all GBM molecules, including entactin. These results
therefore indicate that different GBM molecules are synthesized
at different times and amounts. Once deposited in the developing
GBM, the molecules also have different fates: some may be
